poor prognosis, accompanied by high metastasis and recurrence, are the main causes of high mortality in malignant tumors. 7 Therefore, effective early diagnosis and new cancer treatment strategies play important roles in reducing the incidence of malignant cancers.
The early diagnosis of malignant cancers can be achieved using many methods, including blood detection, genetic testing, and cancer biomarker analysis. 8, 9 In order to improve the early diagnosis of malignant tumors, many biomarkers have been identified.
For example, plasma lipocalin-2 is upregulated in pediatric thyroid cancer and could have applications as a new biomarker. 10 Serum lactate dehydrogenase has also been shown to act as a significant marker of head and neck squamous cell carcinoma, 11 and EpsteinBarr virus (EBV) DNAs or miRNAs are significantly correlated with distant metastasis and death in patients with NPC. [12] [13] [14] [15] [16] [17] [18] Serum hsa-miR-1273 g-3p might also have potential applications as both a prognostic and diagnostic biomarker of recurrent epithelial ovarian cancer. 19 Squamous cell carcinoma antigen, a marker of squamous cell carcinoma, can be used to detect head and neck cancers. 20 However, there are clear limitations to the use of these biomarkers. Therefore, there is an urgent need to discover novel, effective diagnostic and prognostic biomarkers to treat malignant tumors.
Circular RNAs (circRNAs) are formed by linking a downstream 5′ splicing site to an upstream 3′ splicing site and are more stable than linear RNAs. 21, 22 Circular RNAs were originally thought to be byproducts of splicing errors and were not widely studied. In recent years, many studies have found that a variety of circRNAs are frequently abnormally expressed in malignant cancers and might participate in the initiation and development of malignant cancers.
For example, hsa_circ_0061140 regulates the miR-370/forkhead box M1 pathway to promote the epithelial-mesenchymal transition and thus enhances the growth and metastasis of ovarian cancer cells.
23
circFBLIM1 can act as a competing endogenous RNA to regulate the expression of filamin binding LIM protein 1 through sponging miR-346 in hepatocellular carcinoma. 24 Similarly, circGFRA1 regulates the expression of glial cell-derived neurotrophic factor family receptor-α1 through sponging miR-34a to exert regulatory functions in triple-negative breast cancer. 25 However, most circRNAs and their pathological functions in malignant tumors are still unknown. In particular, few studies have evaluated circRNAs as biomarkers in NPC, oral cancer, thyroid cancer, ovarian cancer, or lung cancer.
In this study, we carried out whole-transcriptome sequencing of 5-8F human NPC cells and identified 1 highly expressed circRNA, circMAN1A2, which had not been reported to date.
Subsequently, we downloaded another NPC tissue RNA sequencing dataset from the GEO database and found that circMAN1A2
was also highly expressed in NPC tissues. Because the structure of circRNA is stable, we hypothesized that circMAN1A2 could have applications as a serum biomarker. Therefore, we focused on the circRNA circMAN1A2, which was first identified as an upregulated circRNA in the peripheral blood of patients with malignant tumors, and receiver operating characteristic (ROC) curves were used to evaluate the clinical applications of circMAN1A2. Our results provided novel insights into the potential applications of circMAN1A2
as an effective diagnostic biomarker and target for the treatment of malignant tumors. We undertook statistical analyses of the expression levels of circ-MAN1A2 at various pathological stages, and the results showed that there were no significant differences (data not shown). Additionally, there were no significant differences in sex or age between the cancer group and control group (Table S1 ). This study was approved by the Ethical Committee of Central South University. Written informed consent was obtained from all patients and healthy controls.
| MATERIAL S AND ME THODS

| Serum collection
| RNA extraction and quantitative RT-PCR
Total RNA was extracted from serum specimens using an miRNeasy Serum/Plasma Kit (QIAGEN, Hilden, Genrmany). Because there were no suitable internal housekeeping genes (internal control) to evaluate in serum, we used the pGL3 plasmid as a control to reduce error during RNA extraction. Other procedures were also used to improve the reliability of the study data. 
| Statistical analysis
Statistical analyses were undertaken using SPSS 13.0 and Graphpad Prism 5.0 software. Student's t tests were used to evaluate differences in the expression of circMAN1A2 in serum from the patients and corresponding control groups. Results with P values of <0.05 were considered statistically significant. All statistical tests were repeated twice. The area under the ROC curve (AUC), sensitivity, and specificity for circMAN1A2 were determined using ROC curve analysis.
| RE SULTS
| circMAN1A2 highly expressed in sera of patients with NPC
We used Quantitative PCR (qPCR) using SYBR to detect the expression of circMAN1A2 in the sera of 71 patients with NPC and 51 healthy controls. The results showed that circMAN1A2 expression levels were significantly higher in the sera of patients with NPC than in those of normal controls ( Figure 1A , P < 0.001).
We then designed a TaqMan probe for circMAN1A2 and further verified the expression of circMAN1A2 using the more reliable Quantitative PCR using TaqMan experimental method. The results showed that the expression levels of circMAN1A2 in the sera of patients with NPC were significantly higher than those in the normal control group ( Figure 1B , P < 0.001). This confirmed our preliminary results.
Next, we undertook a correlation analysis using Quantitative PCR (qPCR) using SYBR and Quantitative PCR using TaqMan. The results showed that the experimental data for the 2 methods were well correlated, which verified the reliability of the experimental data ( Figure 1C , P < 0.001).
Subsequently, we increased the number of samples in the control group to 121 cases and the number of serum specimens from patients with NPC to 100. The results showed that circMAN1A2 expression levels were obviously higher in the sera of patients with NPC than in the normal control group ( Figure 1D , P < 0.001). Taken together, these results indicated that circMAN1A2 could be a serum biomarker for patients with NPC.
| circMAN1A2 highly expressed in sera of patients with oral cancer, thyroid cancer, ovarian cancer, or lung cancer
According to the above results, circMAN1A2 was significantly upregulated in the sera of patients with NPC. Furthermore, we collected additional serum specimens from patients with 4 other common types of cancer to verify the expression of circMAN1A2 in these patients.
We used Quantitative PCR using TaqMan to detect the expression levels of circMAN1A2 in the sera of patients with oral cancer, thyroid cancer, ovarian cancer, or lung cancer. We collected 55 cases of oral cancer and 121 healthy controls to verify the expression levels of F I G U R E 1 Expression of circMAN1A2 in sera from patients with nasopharyngeal carcinoma (NPC) was detected by SYBR quantitative PCR (qPCR) and Quantitative PCR using TaqMan. A, Quantitative PCR (qPCR) using SYBR was used to detect the expression levels of circMAN1A2 in the sera from patients with NPC (Tumor, T) compared with that in the normal control group (Normal, N). P < 0.001. B, Quantitative PCR using TaqMan was used to detect the expression levels of circMAN1A2 in the sera of patients with NPC compared with that in normal controls. P < 0.001. C, Correlation analysis between Quantitative PCR (qPCR) using SYBR and Quantitative PCR using TaqMan. GraphPad was highly expressed in thyroid carcinoma ( Figure 2B , P < 0.001).
Additionally, in samples from 36 patients with ovarian cancer and 36 normal controls, circMAN1A2 was significantly highly expressed in the sera of patients with ovarian cancer ( Figure 2C , P < 0.001). Finally, in 45 patients with lung cancer and 121 normal controls, patients with lung cancer showed significantly higher circMAN1A2 levels ( Figure 2D , P = 0.002).
| Receiver operating characteristic curve data for the clinical diagnostic value of circMAN1A2
Receiver operating characteristic curves can be used to evaluate the clinical value of novel biomarkers in the early diagnosis of cancer. The (Table 1) .
| D ISCUSS I ON
Malignant tumors are a major threat to human health.
Nasopharyngeal carcinoma, oral cancer, thyroid cancer, ovarian cancer, and lung cancer are common malignant tumors that show high rates of metastasis. [26] [27] [28] Moreover, the malignant progression and high mortality rates associated with these tumors are related sarcoma. 55 Moreover, hsa_circ_0033155 could serve as a biomarker or therapeutic target in non-small-cell lung cancer. 56 circPVT1 can serve as a new proliferative factor and prognostic marker in gastric cancer. 57 Additionally, hsa_circ_0001874 and hsa_circ_0001971 act as biomarkers for the diagnosis of oral squamous cell carcinoma, 58 and circ-LDLRAD3 as a biomarker for the diagnosis of pancreatic cancer. 59 However, few studies have evaluated novel serum circRNAs in NPC, oral cancer, thyroid cancer, ovarian cancer, and lung cancer.
In this study, we found that the novel circRNA circMAN1A2 was upregulated in NPC, oral cancer, thyroid cancer, ovarian cancer, and lung cancer, indicating that this circRNA might exert oncogenic effects in malignant tumors. Subsequently, we used 2 qPCR methods (Quantitative PCR (qPCR) using SYBR and Quantitative PCR using TaqMan) and compared their advantages and disadvantages. We then adopted the experimental method of Quantitative PCR using TaqMan, which was a more accurate and reliable method, for verification of gene expression. In addition, ROC curves were generated to evaluate the diagnostic value of circMAN1A2 in malignant tumors.
Analysis of the AUCs indicated that circMAN1A2 could be a favorable diagnostic biomarker in malignant tumors.
Real-time fluorescence qPCR is a commonly used and reliable detection method for nucleic acids. There are 2 approaches that use qPCR: 1 based on fluorescent dyes and 1 that is targeted at specific fluorescent-labeled DNA sequences, called probes. [60] [61] [62] The invention of TaqMan probes has overcome the limitations of SYBR Green I, that is, its lack of specificity owing to its ability to bind to all DNA double-stranded structures. [63] [64] [65] [66] During the extension stage of TaqMan-PCR, the DNA polymerase removes the TaqMan probe by hydrolysis, resulting in a fluorescent signal. Moreover, multiple fluorescence signals can be used to detect the expression of several genes simultaneously using multiple channels. 67 Quantitative PCR using TaqMan can be used to evaluate the normal control group and cancer groups in the same qPCR tube using the same cDNA template. 68 Additionally, TaqMan probes can increase the specificity and sensitivity of qPCR and reduce system error in the experiment, providing a good basis for the evaluation of clinical application value.
In this study, we found that circMAN1A2 was highly expressed in the peripheral blood of patients with cancer. Thus, we wondered whether the molecules were protected from RNA enzyme deg- Most circRNAs exert their functions through competitive endogenous RNAs. 74 Based on our preliminary analysis, we hypothesized that circMAN1A2 might exert its role through this mode of regulation, that is, by binding to miRNAs and target genes. We predicted that there were 28 miRNAs bound to circ-MAN1A2 (based on Miranda and regRNA2.0 databases), among which hsa-miR-135a-3p had the smallest minimum free energy (Table S2 ), suggesting that circMAN1A2 was most likely combined with hsa-miR-135a-3p. miR-135a-3p is downregulated and serves as a tumor suppressor in ovarian cancer, 75 consistent with our hypothesis. We also predicted binding partners for hsa-miR-135a-3p
using TargetScan and miRwalk; the top 6 scores were for SLC4A8, IKZF4, SMAGP, SP1, ERBB3, and CBX5 (Table S3) . These were all 
ACK N OWLED G M ENT
This work has been supported by the National Natural Science 
D I SCLOS U R E
The authors declare that they have no conflicts of interest.
O RCI D
Ming Zhou
https://orcid.org/0000-0003-4938-5397
Wei Xiong https://orcid.org/0000-0003-1635-8173
R E FE R E N C E S
